Background: Governance processes and structures that steer social-ecological systems and in situ forest conservation strategies such as protected areas (PAs) can be crucial for effective management and improvement of the conservation outcomes. Nevertheless, knowledge synthesis on how types of local governance and decision-making modes may influence conservation outcomes of forest protected areas is lacking. This is mainly because the evidence on the joint relationships between governance regimes and ecological or social outcomes is generally missing and the knowledge comes from case studies. The research on this topic that use quasi-experimental designs aimed at inferring strong causal relationships is still methodologically in a development phase and the causal effects are hard to isolate. This map describes and maps the available qualitative and quantitative evidence from a large number and variety of sources, both peer-reviewed and grey literature, to answer the following question: What evidence exists on the impact of governance type on the conservation effectiveness of forest protected areas? This across-case systematic map reveals knowledge gaps, methodological limitations of the primary research and generates a list of specific research questions for future research.
Background
Governance processes and structures that steer socialecological systems and in situ forest conservation strategies such as protected areas (PAs) can be crucial for effective management and improvement of the conservation outcomes [1] [2] [3] . Governance can be defined in various ways [4] but for the purposes of this study, we define governance in the PA context as "a set of processes, procedures, resources, institutions and actors that determine how decisions are made and implemented" ( [5] : 105) . PAs are conservation interventions that by definition imply resource control as they consist of socially constructed set of rules such as institutions, laws and cultural norms that can guide and control resource users' behaviour and allocate access to and use of natural resources [6] . Depending on the governance setup, these rules can be imposed from above, devised and enforced externally (e.g. by state), they can be crafted by local users, self-imposed and enforced internally (e.g. by local community) or there can be a mixture of both approaches (e.g. joint governance) [3, 6, 7] . Different PA governance regimes with diverse types of institutional arrangements, different levels of involvement, accountability and responsibility by state and non-state actors that make decisions over resource use and access, may have different impacts on conservation effectiveness. Based on the number and type of actors involved, responsibility, accountability, level of power sharing, and type of knowledge used in the decision-making, governance of forest PAs can be classified after [8, 9] as: (1) governance by government, (2) shared governance, (3) private governance and (4) governance by indigenous people and local communities. However, the complexity of governance is much higher on the ground due to a variety of land tenure systems, funding sources, management bodies, access and use rights, with frequent overlaps between these four regimes [10] . We will further briefly describe each of the four governance regimes and explain what is known about how PA governance may be linked to conservation outcomes. The description below is extended and adapted from the protocol (see [11] ).
Governance by government refers to a centralised governmental agency (such as ministry or park agency reporting directly to the government) that steers, enforces decisions, has authority, responsibility and accountability for PA management [9] . Planning and daily management may be also delegated to other non-state actors such as NGOs or private entities [12] . Although they could be considered as legitimate actors in delivering public benefits and could be directly accountable to the society [13] , governmental agencies are often not legally obliged to take into account local voices and knowledge in the management decisions [12] . Decisions are mainly made by the remote decision-making agencies based on general scientific knowledge and technical expertise only, and lack needed sensitivity to local context [9] . The size and complexity of PAs are increasing and centralised governing bodies are often argued to be lacking sufficient knowledge, not being flexible and adaptive enough to tackle new challenges and respond to increasing uncertainty [8, 14, 15] . In developing countries with high levels of poverty and resource dependence, it is often argued that the top-down regime coupled with strict and exclusionary management practices can create high local livelihood costs and exacerbate social conflicts, also undermining conservation efforts [16, 17] .
Since the mid-1980s, conservation governance started to shift from hierarchical top-down state steering to bottom-up, collaborative and community conservation. The power vested in central (national level) agencies started decentralising to local level management bodies or devolving, on paper at least, to local communities and other non-state actors from private and NGO sectors [18] . The reconfiguration of the conservation governance, greater emphasis on the participation and power diffusion to different non-state actors was induced by several forces. Globalisation and strengthening of civil society, the push of donor agencies to link conservation and rural development in developing countries, developments in scholarship on common property that emphasise the role of self-governance and self-organisation, local demands for more voice and power in the decision-making, and central government expenditure cuts contributed to the change [2, [19] [20] [21] . These "new governance" regimes (as opposed to the centralized "old governance" [22] ) are detailed below.
Shared governance refers to the sharing of power, responsibility and decision-making and enforcement between the state and other non-state actors. The non-state actors can be user associations, private are decisions made and implemented). Methodological pluralism with both qualitative and quantitative approaches, more robust study designs and assessment of both social and ecological outcomes are needed to obtain a more complete understanding of the PA governance impacts. Keywords: Community conservation, Co-management, Decisions, Institutions, Participation, People-parks interaction, Private protected areas, State parks, Top-down conservation entrepreneurs and landowners as well as local, mobile or indigenous communities that live and/or depend on the PA culturally or for their livelihoods [9] . Formal decision-making authority is often vested in a governmental body that is required to collaborate with other actors through a range of different formal and informal interactions: from consultation to consensus [9, 23] . This sharing of power and responsibilities is argued to increase trust among actors, foster social learning and adaptability [23] . Still, this collaborative approach can suffer from elite capture and patronage, induce power inequalities and marginalisation of the poor voiceless actors [12, 18, 24] .
Private governance refers to private landowners, individuals, NGOs and other not-for profit and for-profit organisations that make and enforce decisions and have control and/or ownership over resources in PA. Private governance might be perceived as more efficient than the hierarchical bureaucracies, but their long-term sustainability may be limited, especially if the ownership changes [25, 26] . Legitimacy and accountability of private PAs may be questionable due to vested interests of funding agencies, and the reluctance of governments to grant authority or legal recognition [25, 27] . Moreover, there may be social concerns about how the land for conservation has been acquired and whether locals have been displaced in the process [26] . Often small in size, it is argued that they cannot secure the conservation of large-ranging animals and protect against habitat fragmentation [28] [29] [30] but this can be mitigated if they form a part of the larger PA network [26] .
Governance by local communities and indigenous peoples is exercised through indigenous and community conserved areas (ICCAs) governed through customary laws and voluntarily conserved by indigenous groups, local and mobile communities [12] . ICCAs were first recognised as official PAs in the Durban World Park Congress and COP VII of Convention on Biological Diversity (2004) [31, 32] . ICCAs depend on government recognition as they use ethnic governance or locally arranged rules [9] . The strengths of these, sometimes very complex, regimes come from self-enforcement of the locally devised governing rules, which induce legitimacy and voluntary compliance [3, 27] . This governance regime can be vulnerable to externally induced perturbation and change, and cannot deal with the large scale biodiversity processes [33, 34] . Some authors emphasise that community-based conservation efforts are unable to deliver either positive development or ecological outcomes, but frequently the reason for their failures lies in the poor implementation and lack of real institutional reform (devolution) that can empower local communities to govern their natural resources [32, 35] .
PA governance is not a new concept, but more attention has been given to it only recently-the World Park Congress in Durban 2003 brought it into focus for the first time [12] . There is a variety of research approaches to governance analysis and evaluation [4, 36] . However, systematic knowledge synthesis on how types of local governance and decision-making modes may influence conservation outcomes of forest PAs is still lacking. This is mainly because the evidence on the joint relationship between governance regimes and ecological or social outcomes is generally missing [37] . Much of the conservation governance literature consists of case studies, and studies with quasi-experimental design to infer a strong causal relationship between governance and conservation outcomes are still methodologically in a development phase; and the causal effects are hard to isolate [38, 39] . Consequently, there is no consensus on the effect of governance regimes on conservation outcomes. Moreover, the existing reviews on this or similar topics mainly focus on either social (e.g. [40] ) or ecological effects (e.g. [41] ) separately, and they rarely include information on governance (except some more recent reviews [42, 43] ). There is potentially great value in mapping the existing evidence, creating the knowledge base and identifying knowledge gaps in the literature on the role and impact of the governance in the conservation effectiveness of forest PAs in terms of both social and ecological effects. This is a first step in evidence synthesis and the evidence mapping can enable future syntheses exercises.
Here we present results of a systematic map conducted following Collaboration for Environmental Evidence Guidelines [44] . Systematic maps are overview studies that collect, categorise and present the existing evidence on a specific topic of policy or management relevance. They are objective, transparent and repeatable tools for policy makers, practitioners and researchers to identify narrower policy and practice-relevant review questions or evidence gaps [45] . This study aims to describe and map the available qualitative and quantitative evidence from a large number and variety of sources, both peer-reviewed and grey literature, and to collate existing evidence on the impact of governance on the effectiveness of forest PAs. Therefore, we attempt to contribute to the body of previous systematic reviews on the effectiveness of PAs [42, 46] by not only collating evidence connected to "what works" but also to "when and why it works".
In order to describe the current state of the evidence base on how different governance types affect or modify conservation outcomes in forest PAs we created and followed a simple framework (Fig. 1 , influenced by Ostrom's multi-tiered diagnostic approach for analysis of social-ecological systems [47, 48] ). Based on a developed strategy published in the review protocol [11] we mapped the literature on the path from a conservation intervention with a specific governance type to attitudinal, behavioural or ecological outcomes or possible changes in the surrounding social-ecological systems (spill-over effects). The choice of these specific outcomes is based on the previous reviews [49] [50] [51] so the results can be comparable. Nevertheless, here we do not consider economic outcomes of forest PAs as this has already been partially examined in Pullin et al. in their systematic review on human wellbeing impacts of terrestrial protected areas where they emphasise how "quantitative comparison of costs and benefits to local people of different forms of PA governance" is missing from the current evidence base ( [42]: 35) .
As stated in the protocol [11] , due to high complexity and variety of conservation practices and interventions, here we focus on forest PAs only. We apply the IUCN definition of PAs in this study: PA is an area with geographical limits or boundaries; predominantly aims to achieve conservation benefits, but not excluding other related benefits (e.g. social benefits); is designated and managed by legal gazetted means or by non-gazetted, but officially recognized NGO policies or customary laws; has a body of governing rules; and has a clearly identified organization or individual with a governance authority [25] . Forest PAs can be defined as "a subset of all protected areas that includes a substantial amount of forest as defined for the purposes of Forest Protected Areas. This may be the whole or part of a protected area", excluding commercial plantations and forest managed for industrial purposes within the less strictly protected categories ([52]: 52). Moreover, forests that are managed by communities, but not predominantly aimed at biodiversity conservation are not counted as a PA in this study. Governance regimes considered in this study were state, private, community and shared PA governance. By effective conservation here we mean "positive and measurable effects of conservation policies and practices on biodiversity and target ecosystems, populations, species or habitats" ([11]: 8).
Objective of the map

Evolving objective of this research
We initially planned to conduct a full systematic review, but on preliminary appraisal of the literature we saw more value in mapping the existing evidence, describing its nature, size and knowledge gaps. We believe this is a more appropriate approach for the topic area, which appeared too broad and divergent for a single systematic review exercise. This was not foreseen during the protocol preparation aimed at guiding systematic review synthesis, but only in the later stages of the reviewing process.
Consequently, this review is created in the form of the systematic map to catalogue and collate the evidence across a wide range of criteria, such as study location and design, methodology, type of intervention and comparator. We conducted mapping and coding of the relevant full text articles.
Primary and secondary objectives
This study identifies, appraises and describes the nature and distribution of the primary research to answer: What evidence exists on the impact of governance type on the conservation effectiveness of forest protected areas? Outcomes: (1) Attitudinal effects measured through (difference/change in) attitudes of local stakeholders towards focal PA, authority and/or management practices (2) Behavioural effects measured through (difference/change in) level of conservation-oriented behaviour necessary to decrease the threats to natural resources (3) Ecological effects measured through (difference/change in) deforestation rate, biodiversity level, maintenance of forest cover and forest density, condition, health, etc.; and (4) Spill-over effects: social, institutional and ecological changes in surrounding social-ecological systems.
Despite the change in objective from the systematic review to systematic map, the question components, except some modification in the comparator, remain the same.
Secondary objectives and map outputs are to:
1. Create an interactive and searchable evidence database on the impact of governance in the effectiveness of PAs for use by researchers, practitioners, policymakers and the public; 2. Show the extent and distribution of the current knowledge base; 3. Identify evidence gaps according to: (a) regions and countries; (b) outcomes: ecological, social, spillovers; (c) intervention: governance regimes; 4. Provide a preliminary and brief overview of the variations in the research quality and deficiencies in the methodology; 5. Provide directions for improvement of the quality of evidence; 6. Generate ideas for new research questions to inform a future primary research or evidence syntheses.
Methods
As this study is an evidence map rather than the full systematic review, the final methodology is different than the one published in the protocol [11] . To reflect the current state of the evidence base, we adapted primary and secondary research objectives from the protocol and did not undertake full critical appraisal, data extraction and synthesis. Moreover, we made modifications and amendments to the inclusion criteria adapted to the new objectives. We also modified the title to reflect the current map content. Full explanation of the amendments to the inclusion criteria is detailed below under section 'Amendments and clarifications to the inclusion criteria published in the protocol' .
Searches
Search terms
To identify a suitable search string, a scoping exercise was undertaken, a search string produced and published in the protocol. The search was performed in two phases. The original search was conducted in 2012 and it was updated in March 2015. We attempted to decrease the sampling bias by using multiple sources of literature. A list of databases, search engines, specialist sources and search terms used to identify relevant literature was published in the protocol [11] and is listed below with some minor adjustments (we excluded irrelevant websites and conducted the search in two more databases). The updated search (March 2015) was conducted through the WOK database only. We based this decision on the observations from conducting the first search that resulted in a significant number of duplicates obtained through searches conducted in databases other than the WOK where the WOK had the highest number of search hits and appeared the most comprehensive database. We searched the WOK database without lemmatization, all year ranges, and in English language only.
All the search results were imported into EPPIreviewer [53] where duplicates were removed and their number was recorded. EPPI-reviewer facilitated screening and tracking the number and sources of screened references and included articles.
Publication databases
The search included the following fifteen online databases: The search string was shortened in some cases, depending on the database search facility (see Additional file 2).
Organisational websites search and specialist sources
The following organizational and specialist websites (47 in total) were searched for grey literature, using multiple (3 on average), simple and shortened search strings or single key terms, depending on the search facilities of the website and details are in Additional file 3. 
United Nations Environmental
Estimating the comprehensiveness of the search
The comprehensiveness of the search was estimated and improved by searching through bibliographic and Internet sources:
(a) Supplementary bibliographic search
We searched manually through bibliographies of 10 relevant key reviews to check if all the relevant articles were identified in the previous searches. We included missing relevant articles. The results of this search are in Additional file 4.
We used Google Scholar (http://www.scholar.google. com) to check the comprehensiveness of the search. We used 4 different shorter search strings, as the original search string was too long. For each string we screened the first 160 hits (this is empiricallyinformed cut-off point based on the decreasing relevance of the hits). The results of this search are in Additional file 5.
Article retrieval
We retrieved full text articles digitally (as PDF files) and where needed, we used subscriptions of Bangor and Padua Universities. Where we did not have access to the articles, we contacted authors directly when possible (via email or ResearchGate).
Article screening and study inclusion criteria
According to the inclusion criteria presented below, the first author screened and included studies through three stages. First, titles, thereafter the abstracts and finally, the full-text articles were assessed against the inclusion criteria. Grey literature was screened directly at the full text level, as there are frequently no abstracts in these publications.
In order to check the consistency of inclusion, all three authors independently reviewed a small set of abstracts (N = 78). Inclusion decisions were compared and all disagreements were discussed. The inclusion criteria were clarified and improved before continuing with the screening procedure of remaining abstracts. The identical procedure was applied for the full-text screening on a sample of 12 articles. Causes of disagreement stemmed from doubts over whether the study contained sufficient information on governance regime and later, if the comparator was appropriate.
We applied the following inclusion criteria while screening studies:
Relevant population: Forest PAs with or without human populations
Relevant interventions/phenomena of interest: State, collaborative or joint, private and community regimes of governance as well as informal forms of governing through local institutions;
Relevant comparators: Comparisons of (1) governance regime that changed over time in a single PA; (2) PAs with different governance regimes; (3) PAs with managed forests with defined governance regime;
Relevant outcomes
1. Changes or differences in attitudes of local stakeholders towards focal PA governance, authority and/or management practices; 2. Changes or differences in level of conservation-oriented behaviour reported to decrease the threats to natural resources; 3. Changes or difference in deforestation rate, biodiversity level within a forest ecosystem, maintenance of forest cover and forest density, condition, health (including fires) or any other biodiversity indicator; 4. Social, institutional and ecological changes around PA and at the local level that may have increased pressures on resources outside a focal forest PA (leakage or policy side effects).
Language: English only. Publication date: No date restrictions were applied during the inclusion.
Geographical limits: No geographical limitations were applied during the inclusion.
Studies that could not be obtained are listed in Additional file 6. Excluded studies are listed along with reasons for exclusion in Additional file 7.
Amendments and clarifications to the inclusion criteria published in the protocol
One of the inclusion criteria from the protocol was that a potentially relevant study should report not less than two outcome types. We disregarded this criterion as the majority of the studies had only one outcome. We focused only on studies that were conducted at the local scale, and studies on regional and national scales, e.g. analysing national-level conservation policy and their outcomes, were rejected. Studies describing PA establishment (or conflicts prior to establishment) were not included. Moreover, studies on the introduction of new institutional mechanisms and outreach projects (such as the establishment of local community management committees, integrated conservation and development projects (ICDPs)) were frequently missing required outcomes (despite of sufficient details on the processes and governance regime) and therefore excluded. We included studies on ICDPs only if they are formulated as a specific collaborative regime between PA managers and local people and we excluded them if they are presented as purely an incentive or compensation project and without inclusion of local people in the decisions connected to conservation or park management. Four articles describing the informal PAs, such as sacred groves, are added to the map. We decided to include these four studies as they were well designed and compared informal conservation interventions with the state forests. We have retained them in the map as they can provide an example of required study designs as well as valuable evidence for further research. More details are explained in the discussion. Studies on mangrove PAs were included too in accordance with the IUCN guidelines on the definitions of forest PAs [54] . We extended definition of the comparator. Studies with a comparator other than formal PAs were also included. These comparators were other types of forests under various governance regimes (communities, state or private) and this is noted in the map.
Study coding
Articles selected for full-text inclusion were exported from EPPI reviewer to a spreadsheet where we applied coding of the reported studies.
Coding was undertaken using the full-text and predefined variables generated from the primary question and connected to the various aspects of study setting and design, including the information on the article, type of methodology used, type of governance, description of outcomes and comparators. Some of the codes were based on the topics reported in the articles and were identified and added to the database during the mapping process. The coding tool with definitions of codes is described in Additional file 8.
Each line in the database represents a single study. Articles that report part of the bigger study (same group of authors, research spanning over same years and within the same research location) have been entered as separate lines in the database, but they are marked as "linked studies" and connected with the same study ID number. Moreover, if the article is not a stand-alone article, but just gives the contextual information to the main study, this is marked as a "background study".
The first author coded all the studies and the other two authors checked coding consistency by reviewing coding decisions on a small sample of included studies (N = 7). All disagreements were discussed and coding consistency was adjusted accordingly. The first author coded the rest of the studies with the frequent discussion of any doubt with the other authors.
Critical appraisal
The database includes general comments on the internal validity of the studies and the potential biases in the methodology. External validity was not assessed. Specifically, we coded four different variables: (1) the level of methodological detail (low, medium and high; similar to Brooks et al. [49] ), (2) appropriateness of the comparator (descriptive category); (3) type of measurements of ecological or behavioural outcomes (subjective and perception based or objective, measured with the specific instruments), and (4) study design.
The first author critically appraised all the studies. A subset of studies (N = 7) was critically appraised by all three authors. All authors tested for consistency of critical appraisal and once we were satisfied that we had reached consensus on decisions, the first author completed the tasks with frequent discussion of any doubt with the other authors. Table 1 provides an overview of the critical appraisal coding system. More detailed definitions of the critical appraisal variables and their coding system are in Additional file 8. We extracted the characteristics of the studies that might be useful for judgement of reliability in future evidence syntheses, but we have not undertaken the full quality appraisal.
Results
Evidence identification, retrieval and screening
All steps in evidence identification, retrieval and screening, along with the numbers of included and excluded studies at different stages of the mapping process are depicted in Fig. 2 .
Searches of academic literature databases, undertaken in July and November 2012 and updated in March 2015 identified 8039 potentially relevant titles (this includes 1256 potentially relevant titles from the updated search). Additional sources, such as bibliographic checking (=163), references extracted from other articles (=9) and Google Scholar search (=640) yielded an additional 812 articles. After duplicate removal (=2422), 6429 articles were screened at the title level out of which 2021 titles were identified as relevant and were screened at abstract level. 910 abstracts were identified for the full-text screening, while 1111 abstracts were excluded. Moreover, searching through organizational websites resulted in additional 118 potentially relevant articles (duplicates deleted: 1). We screened 883 articles at the full-text level and we could not assess 145 full-text articles due to lack of institutional subscription (=125) or because publications were not in English (=20).
At the full-text screening step we excluded 817 articles. Reasons for exclusion were: not a primary research study (e.g. relevant review without empirical data), (=95), country-level analysis (e.g. a national level forest conservation policy assessment) (=21), no appropriate comparator (comparator lacking or it is simple inside/ outside comparison) (=144), irrelevant intervention (e.g. agroforestry) (=111), no relevant outcomes (e.g. focus on the economic costs of PAs only or on PA governance processes only) (=175), insufficient information on governance (i.e. no detailed explanation on governing and management bodies), (=241), non-forest PAs (=30).
In total, we coded 66 articles that correspond to 57 studies. To be a part of a single study, articles had to be authored by the same group of authors, where research is conducted in the same or similar time period and in the same location.
Systematic map database
A searchable systematic map database was created aimed at describing the scope of the current research, evidence type and location. The database is provided in Additional file 9. The map can be searched through different keywords and attributes at the article or study level, to provide insights into the knowledge base size and gaps (in terms of geographical location, governance type, outcome, methodology) and to be a source of questions for future systematic reviews.
Database description and findings
Below is the descriptive summary of the database. Information on PA sizes and year of establishment, a link to the World Database on Protected Areas (protectedplanet.net) and many other relevant details can be found in the Additional file 9.
We included 9 background publications that could not be stand-alone studies, but served as a contextual support to the main publication in the study by providing background on governance processes or describing additional outcomes.
The oldest included article was published in 2002. 46.97 % of all the included relevant articles were published from 2010 to 2014. Figure 3 shows the yearly increase of published relevant articles.
Academic authors published the majority of the articles included in this map (60.6 % or 40 out of 66) and this was followed by a combined authorship between academic and NGO-affiliated authors (22.72 %, 15 out of 66). Almost all of the included publications were peer-reviewed (98.5 %, 65 out of 66), out of which 84.8 % were journal articles. The majority of the studies included in the map applied quantitative (34 studies; 59.6 %) and mixed methods (15; 26.3 %), while qualitative studies were represented to a lesser extent (8; 14 %). One out of 57 included studies was a simulated experiment [55] , three were quasi-experimental studies and the rest were observational studies. 
Study design
Case study: in-depth non-experimental qualitative study of a single location/protected area/local community within, usually studied over time in a real life context, using documents, interviews, observations. Frequently reports on unusual, extreme or rare cases Case series or Time series: quantitative non-experimental study in multiple time periods, outcomes measured during the intervention. If measurements exist before and after intervention-Before-After (BA) design Cross-sectional study (Control-impact (CI)): quantitative non-experimental study conducted in one point of time (e.g. survey), provides a snapshot. Not clearly established if intervention preceded the measured outcomes. Has non-randomly selected control groups Controlled before-and-after study (Before-After-Control-Impact (BACI)): quasi-experiment with controls, measure of outcomes before and after the intervention Controlled after only study: quasi-experiment with controls, measure of outcomes after the intervention ONLY Sequential mixed method: qual > quant OR quan > qual Concurrent mixed method design: qual and quant at the same time 2. Comparator appropriateness Is comparator appropriate for governance assessment? Is it relevant for the stated aims and conclusions of the study? Other methodological details? Describe 3. Methodological detail LOW = no sufficient details on data collection and/or data analysis procedures, method selection not justified, MEDIUM = no important methodological details missing, selection of methods justified and fits the research question; HIGH = very detailed explanation of the data collection and analysis procedures, info on ethical approval included, study limitation, confounding and biases commented upon 4. Measurements of ecological outcomes Subjective/perception based or self-reported (=0); Objective (=1). E.g.: changes in the forest cover assessed through analysis of satellite images versus perception of the changes in forest cover reported by the local people)
Research locations of the included observational and quasi-experimental studies were placed in 26 countries. Studies were mainly located in Latin America (35 study locations) and Asia (=17), while only a few studies were located in Europe (=5) and Africa (=5). Mexico was the most studied country (7 studies) followed by Nepal (=6), India (=5), Bolivia (=5) and Brazil (=5) (Fig. 4) . Most of the studies were located in a single country (50 studies), while only five studies had included two countries, and only one study showed cases from three countries.
In 28 studies (out of 56 observational and quasi-experimental studies; 50 %) the information on IUCN management categories was not available. For several included studies this information could not be obtained for all the PAs in the sample since IUCN management categories were not reported (either in the publication or Fig. 2 The flow diagram of mapping stages from searching, identification of relevant literature and coding. The locations of the outputs of specific mapping stages placed in the additional files (AF) are also depicted on protectedplanet.net), or studied forests could not be categorised (e.g. sacred groves and other informal PAs). Where this information was available, IUCN management categories of studied PAs were various: from II to VI (only one publication was dealing with PAs under management category I), implying high variability of resource access and strictness levels.
There was a high variability in sample sizes, which stems from differences in study and sampling designs used across mapped studies. Out of 56 observational and quasi-experimental studies, 15 focused on only one PA, 8 studies focused on two PAs. The rest of the studies (33 or 59 %) encompassed three or more (formal and informal) PAs in the analysis, including adjacent forest patches of different governance, ownership or tenure regime. The highest number of PAs compared in a study was 292 [37] followed by 163 [56] .
Variety of reported outcomes
Most of the studies reported only one outcome (45 studies) predominantly measuring only ecological effects (38 studies). Nine studies reported two outcomes out of which five studies focused on both social and ecological effects and the rest measured two types of social effects. Three included studies reported three outcomes (ecological, behavioural and attitudinal [57] [58] [59] ). Spillover effects or "neighbourhood leakage" [60] were not captured by our map. Studies that reported on the spillover effects were missing (sufficient) information on governance regimes and were excluded ( Table 2) . Ecological outcomes reported were: (1) forest cover change: annual deforestation rate (e.g. [61, 62] ), fragmentation (e.g. [63, 64] ), rate of forest regeneration (e.g. [65] ); avoided deforestation (e.g. [66] ); (2) biodiversity assessment through: species richness, density, abundance (e.g. Fig. 3 Number of articles included in the map by publication year (total number of included articles is 66) Fig. 4 Number of study locations per country and per continent/region. Locations within multi-site studies are counted separately [67] [68] [69] [70] ); forest stand inventories (e.g. [71, 72] ., forest community structure: density and composition, occurrence of endemic, threatened species and medicinal species (e.g. [73, 74] ), biomass (e.g. [55] ) as well as fire effects (e.g. [56, 75] ). Attitudinal outcomes reported were: level of trust or satisfaction of local people towards management authorities (e.g. [76, 77] ), attitudes towards PA (e.g. [78, 79] ), rules [59] , conservation practice and biodiversity (e.g. [80] ). Behavioural outcomes reported were: changes to collaborative behaviour (e.g. [81] [82] [83] ); monitoring and sanctioning [70] ; occupation/livelihood strategy changes (e.g. [84, 85] ); conflicts with PA authorities (e.g. [86] : mobilization of large groups/politicians, feigning ignorance, not turning up for meetings, letting roads become overgrown, bribing park staff and moving boundary markers); non-compliance: illegal activities [57] and encroachment [87] , hunting (e.g. [58, 88] ), nonconservation oriented behaviour and resource extraction [83, 89, 90] .
Governance regimes
Included studies contained analyses and compared all four governance types, including state, community, private (incl. NGO-governed) and co-governed multistakeholder PAs with various and often complex combinations of land tenure systems, involvement of external actors and power sharing. More detailed information on governance characteristics, such as nature of stakeholder participation, level of decentralization, level and nature of collaboration among actors was frequently lacking in the majority of the studies and these variables were not coded (as initially planed [11] ).
The majority of studies (N = 51) included state governance type in a comparative analysis. The study by Mehring and colleagues [89] analysed a state PA that includes community conservation, with negotiated conservation agreements and was classified under state PA governance.
Forty-two studies encompassed some form of community governance and this included forests managed for religious purposes such as sacred groves (e.g. [73] ), indigenous reserves and territories (e.g. [56] ), extractive reserves (e.g. [91] ), community concessions (e.g. [63] ), community or decentralized forests (e.g. [87] ) or communal lands such as ejidos in Mexico (e.g. [92] ).
Twenty studies included some form of governance by private actors out of which six studies included private PAs owned by an individual, a company, NGOs or nonfor-profit trust foundation [79, 88, [93] [94] [95] [96] . A study by Mönkkönen et al. [74] 
Twelve studies included co-managed PAs or some other form of participatory conservation out of which two studies [80, 84] described the effects of integrated conservation and development projects within state PAs.
Some studies could not be easily classified under the four governance regimes. Annapurna conservation area in Nepal has a complex governance setting with community-led committees inside a national PA, managed by a NGO/trust [76] . Quintana and Morse [79] included a state-run PA with private land ownership, and this was coded as the state governance in this map. Vallino [55] simulated external law enforcement, application of internal rules and open access scenarios in conservation and forest management. Figure 5 gives an overview of the governance regimes in the included studies.
Comparator types
Out of 57 studies, 10 studies compared governance within the same PA over time, 15 studies compared different PA governance regimes; and 2 studies compared intervention against no intervention. 30 studies compared PAs with various governance regimes against similar forestry areas under private concessions, or community forestry patches outside the PAs. Figure 6 provides an overview of the nature of comparators and Table 3 shows all the included studies, mapped outcomes, comparators and governance types. 
Mapping the quality of the studies relevant to the question Study design
Twelve studies were classified as a case study. One study was described as a comparative case synthesis [87] and one as a simulated experiment [55] . Twenty studies were categorised as time series with site comparison. Three studies were designed as "before-after" [58, 84, 97] . Fifteen studies had cross-sectional study design (site comparison in one time point). One study was designed as control-impact [80] . Only four studies had before/after/ control/impact (BACI) design [37, 66, 83, 98] . Study design details are in Fig. 7 .
Appropriateness of comparator
Out of 48 observational and quasi-experimental quantitative and mixed method studies, 39 (81.25 %) had no baseline data at all and they were either simple site comparisons or time-series (Fig. 8) . Four studies (8.33 %) had baseline collected through recall and people's perceptions [81, 84, 86, 99] . One study had simple before-after comparator in a single PA [97] . Only four (8.33 %) studies had appropriate comparator [37, 66, 83, 98] , out of that number three studies used matching methods to create a counterfactual and control for observational bias [37, 66, 98] .
Level of methodological details
Most of the studies (N = 47) had a medium level of methodological detail with sufficient details on data collection and analysis procedures, and justified selection of methods. Nevertheless, most of the studies lacked an explanation of study limitations and did not comment upon potential biases in data collection, analysis or reporting. Three included studies had a low level and seven studies had a high level of methodological detail.
Objectivity of measurements
Out of 46 studies reporting ecological outcomes, 38 studies used objective measurements of ecological outcomes, 4 studies used subjective measurements to report ecological outcomes (self-reported, observation or perception-based). Three more studies used mixed subjective and objective measurements to report different ecological outcomes. One study simulated the outcomes through agent-based modelling. Here we were not assessing the objectivity of the studies measuring attitudes or behavioural outcomes as these studies report perceptionbased or self-reported data.
Discussion
Mapping limitations Crossing qual-quant divide
This evidence map encompasses mainly quantitative studies. Quantitative studies more often had all the information to fit into our inclusion criteria, but they also frequently lack an explanation of contextual variables that can provide important details for more complete understanding of the local-level PA governance and its effects. Available qualitative studies were mostly in-depth case studies, typically describing various forms of park-people conflicts, predominantly on the state-community power continuum. Building an in-depth understanding of governance processes with qualitative methods is certainly not inappropriate or limiting, but most of these studies could not fit our inclusion criteria as they were focusing solely on the governance or institutional processes without reporting required outcomes or without a comparator. Our focus on the research approaches that included comparator and appropriate counterfactual allowed for mapping studies that can provide the evidence of cause and effect relationships between governance and conservation outcomes, but we often lost rich governancerelated information of qualitative studies.
Mapping complex interventions
Collating evidence on complex interventions with many interrelated and independent components might be a challenge, especially when it comes to common definitions, categorization and finally, the synthesis. Depending on the national conservation governance regime, some PAs had multiple and overlapping governance and institutional arrangements within a single PA. For example, studies by Baral and colleagues [27, 100] described the case of Annapurna Conservation Area in Nepal, where PA land was owned by the state, management was given to a NGO/trust, and there were local community committees. Similarly, in Mexico mapped studies focused on the effects of different tenure arrangements within and around PAs (e.g. state PAs with ejidos (communal lands)) on the state of the biodiversity or land use change (e.g. [101] ). In other cases in Central and South America, there is an overlap between indigenous territories and state-owned PAs. Typically, PAs entail zones Bai-shuijiang National Natural Reserve with different levels of strictness and resource access by local communities (for example, between the core and the buffer zones), which also may have different effects on relevant outcomes. Nevertheless, we mapped only a small number of studies that could not neatly fit our four governance types because of our relatively strict inclusion criteria and generally not much information on governance in the included studies that could give us a more nuanced overview of different governance regimes. There was insufficient information on the type of actors involved in PA governance, their responsibilities, governing rules and level of power sharing to better understand the governance regime or to separately code different governance aspects (241/29.5 % studies were excluded at full-text screening stage for this reason. In some examples authors mention "governance", but they seem to refer to the management categories or the level of strictness and resource access (e.g. [98] ). These examples reflect complex realities on the ground and point to difficulties in isolating and assessing conservation governance effects, but also to challenges in collating evidence with such heterogeneity and without common (governance) definitions.
Risk of evidence omission
We included studies that assess the effects of PAs relative to community or private concessions. However, we might have failed to include studies that focus on the community or private forestry, but had PAs as a comparator. This might have happened at the initial levels of evidence screening (at title and abstract) as the comparator is typically less explicit in the title or abstract. Consultation with the stakeholders and experts during the systematic review conduct can help to mitigate this bias. Moreover, some important evidence might have been missed through the exclusion of the non-English literature (using English search terms only we found and excluded 20 studies for this reason). Accuracy of the map (and of potential evidence synthesis) could have been higher with this type of evidence.
Limitations in the evidence base on the governance role and impacts in conservation effectiveness
Acknowledging and reporting the role of governance
The majority of screened full-text articles (93 %) did not have all the necessary pieces of evidence to be included in the map. It was not possible to code in detail different governance regimes and map information on nature of participation, level of decentralization, number of actors and their responsibilities, which would allow for testing our hypotheses from the Protocol (see [11] ). There are two reasons for this. Studies that described institution and governance regimes in detail were lacking sufficient details on relevant outcomes and were rejected (e.g. [102] ) (175 or 21.4 % studies were excluded with this reason). These kinds of studies frequently focus on intermediate variables such as level of participation, but without robust measures of conservation policy outcomes which is also noted in the literature on decentralization in forestry (see: [103] ). In other cases, when research entailed relevant outcomes (e.g. forest cover change or biodiversity assessment), there was no (or insufficient) information on the governance regimes. However, the studies lacking information on governance might not be aiming, and were possibly not designed, to evaluate the role of the governance in conservation effectiveness. Identified studies mostly include state and community (including both informal and formal) forests and PAs, but they focus less on the private and co-managed forests and PAs (Fig. 5) . We also included four studies measuring informal forest PAs effectiveness (e.g. sacred groves) [71, 73, 104, 105] . Although they might not fit into the PA definition as state governments rarely recognize them, there is potential in learning from the case of persistence or deterioration of informal and traditional institutions (governed through taboos or religious beliefs) in protecting the forest resources [106] . This is especially relevant in situations where informal external rules are not easily enforced [107] . Nevertheless, very frequently such studies provide botanical inventories of sacred groves only, and are not designed with the appropriate comparator to show the comparative value of such conservation regimes and in such cases they could not be included in this map.
Reported outcome types
The majority of identified studies focused on only one, specifically ecological, type of outcome (e.g. land cover change studies that focus on deforestation rate only). Nevertheless, conclusions of these kinds of studies on PA effectiveness can give an incomplete or biased picture as PAs are deeply embedded in social, economic and political spheres of the society as well [108] . Moreover, we could not identify relevant studies that address spill-over effects or policy side effect while comparing two or more PA governance regimes. This might be because our definition of the spill-over outcome was too vague. Moreover, measurement of spill-over effects requires baseline data which are frequently missing or hard to obtain in the PA-related research as a majority of conservation interventions were never designed to be evaluated [109] . Nevertheless, studies that measure spill-over effects would be beneficial for a comprehensive understanding of the conservation governance effects on wider scales.
Study designs, comparator and attribution problem
Frequently, studies have information on outcomes and governance, but lack comparison against which a specific governance regime can be evaluated (144/17.6 % studies were excluded at the full text stage with this reason). The majority of included studies (52.6 %) compare PAs to adjacent forests outside of PAs, but this cannot tell us anything about the relative effectiveness of different PA governance regimes (although given sufficient evidence, meta-analysis of this data could provide some answers). Attribution, or isolating and accurately estimating the effect of intervention and assuring the flow of causality from the intervention to the outcome, is one of the central questions in the evaluation [110] . Nevertheless, not many identified studies were designed to allow for attribution of the effect to the intervention. The majority of the included studies lack baseline data. Similar to observations in other relevant reviews [42, 46] in this map only a small number of included studies had a BACI design (=4) or used statistical matching (=3) to create a reliable comparator, control for spatial and time-variant bias and attribute actual outcomes to the intervention and not to some other modifiers. Time-series or spatial comparison designs can attribute effects to the intervention only if there are no other factors explaining the change in effects or when only the intervention influences ground conditions, which in complex a conservation scenario is almost impossible. Moreover, studies rarely exclude alternative scenarios that might have influenced measured outcomes, or do not use qualitative data to build and support causal reasoning and make theories of change [38] . Counterfactual thinking or "what would have happened if there had been no intervention?" is crucial for answering effectiveness questions and is yet to be mainstreamed in conservation programme and policy evaluations [38, 39, 109, 111, 112] .
Geographical spread of research
This map, with its specific inclusion criteria, has not captured research located in the northern parts of North America (USA and Canada), in Australia, and in north and west Asia. Europe and Africa are covered with this map, but only to a small extent. There could be several plausible reasons for this limited geographical spread of mapped studies (e.g. lack of information on governance in studies connected to some research locations, or lack of relevant outcomes and comparator in the other locations), but given the scope of this map, we have not looked into the details of this aspect.
Conclusions
The presented results call attention to the research gaps in the field of conservation governance, provide methodological guidelines and generate specific questions for future primary research. However, with the present work we are unable to provide more detailed explanations of links between the governance and conservation outcomes, as we were only able to map the literature on the topic, and no data extraction and evidence synthesis were undertaken.
Implications for practice and policy
Here we give an overview of the state of the evidence base in terms of the quantity and quality of studies captured in the review. As in other examples of systematic reviews in conservation [42] and decentralization and community forest management [113, 114] , the evidence base in this map is limited, in the sense of size, quality and geographical spread. Most of the studies do not exclude alternative explanations or control for non-random assignment of conservation interventions. Instead, they apply simple site comparisons or use time-series when comparing different governance regimes, do not control for selection bias, and very rarely use regression or matching methods. Recent calls for more rigid evaluations of conservation interventions and methodological advances supported by procedures and methods of impact evaluation [38] should help to strengthen the evidence base on the impact of governance in the conservation effectiveness of forest PAs.
Implications for research
If the evidence base was not as limited, the research question of this map could have been broken down into smaller parts and several systematic reviews could have been undertaken. Each governance regime could have been assessed separately to better understand the magnitude and the direction of the effects of one specific governance regime over the other in PAs (or in comparison with community forests). When conducting evidence synthesis on conservation governance, reviewers need to be careful when extracting and synthesizing data from different counterfactual scenarios. Namely, one cannot compare outcomes obtained from a comparison between state PA and community forests with comparisons between state PAs and no intervention. These are two different counterfactual conditions and if not clearly separated, these comparisons would give a wrong picture of intervention effects to policy makers. Reviewers have to acknowledge complexity, develop common broader definitions, provide context through qualitative data and policy documents, develop theories underpinning complex governance interventions and be transparent at all stages of the review (especially about the lack of consensus) in order to capture evidence. Lessons can be learned from attempts to provide guidance on evidence synthesis of complex interventions in medicine [115] . With the current methodological developments in the realm of qualitative and quantitative conservation impact evaluation, the evidence base would probably improve and this map should be updated with any new evidence before any future synthesis is undertaken.
Based on our observations of the methodological rigour of current research, we provide the following summary of the shortcomings of the current evidence base in terms of knowledge gaps and the need for primary research.
While conducting analysis of conservation intervention effects in complex social-ecological systems such as PAs, research has to take into account local context and governance variables that might modify the effects of the intervention. Therefore, it is necessary to have more PA effectiveness studies with more detailed governance information, specifically how and by whom are decisions made and implanted, the role of different actors in the decision making and their responsibilities and accountability. The role of governance in PAs effectiveness should be assessed relative to local dynamics (see [116] ) and researchers have to develop in-depth understanding of institutional, contextual and historical diversity to be able to conduct more rigorous analysis and decompose governance processes into elements that can be more easily analysed (see for example nested multitiered diagnostic approach for analysis of outcomes in social-ecological systems [47, 48] ). Large-n comparative studies that can show lessons from different countries and continents within similar (economical, ecological or social) contexts, including sufficiently detailed information on local governance, institutions and actors, are necessary. As already mentioned, rich data on institutional, contextual and historical diversity comes from the qualitative research and case studies, but this work has not qualified for inclusion in this map due to lack of relevant outcomes or a comparator. Small and localised studies on governance processes that include rigorous measures of outcomes are thus needed to fill the evidence gaps. Therefore, we see a need for the methodological pluralism to obtain knowledge and improve understanding of the complex systems such as forest PAs and interactions of its sub-components such as governance and resource systems ( [47, 117] ). Interdisciplinary research teams that can capture the complexity of forest PAs, simultaneously looking at institutional setting as well as social and ecological outcomes of PAs would be needed. Forestry Resources and Institutions (IFRI) methodology and research (http://www.umich.edu/~ifri) is a good example of this point. Incorporating measures of both social and ecological outcomes will give a more nuanced and complete picture of different PA effects, also acknowledging synergies and trade-offs in conservation [118] . Similar to Bowler and colleagues [113] in their review on community forest management, we also recommend standard outcome measures of conservation success to be able to compare between the studies. Moreover, study designs that allow for attribution and causality; include baseline data; have appropriate choice of comparator and exclude alternative scenarios have to be prioritized to isolate effects of governance regimes in the complex ground realities. This is especially applicable for land use change studies where satellite images only cannot tell the story of the PA effects without in-depth studies of local institutions as well as national political context. If this is not possible, researchers have to understand and acknowledge these limitations. Moreover, funding agencies perhaps have to understand the value of the baseline data collection that will allow researchers to conduct better evaluations of the conservation interventions. Higher level of methodological details and more details in the reporting of the methods and results is needed to enable appraisal of the research reliability. Longer-term studies with good baselines are needed to understand the impacts. More evidence is needed on the conservation impacts of private or co-managed PAs in comparison to other PA governance types. Research on spill-over effects of forest PAs conditional on their governance type is necessary. Based on these observations, we identified some of the research questions to fill in current research gaps: (1) What are the effects of private protected areas on social and ecological outcomes when compared to other types of protected areas? (2) What are the effects of co-managed protected areas on social and ecological outcomes when compared to other types of protected areas? (3) Which governance regimes (state, private, community or co-managed) might cause a comparatively higher spill-over effects in the context of forest protected areas? Based on the current trends in the literature and methodological developments in the conservation policy analysis, we expect more robust studies on conservation effectiveness and higher attention to the (impact of ) different governance regimes on conservation outcomes.
